Phosphatidylinositol 3-kinase enhancer-activating Akt (PIKE-A) binds Akt and upregulates its kinase activity, preventing apoptosis. PIKE-A can be potently phosphorylated on tyrosine residues 682 and 774, leading to its resistance to caspase cleavage. However, the upstream tyrosine kinases responsible for PIKE-A phosphorylation and subsequent physiological significance remain unknown. Here, we show that PIKE-A can be cleaved by the active apoptosome at both D474 and D592 residues. Employing fyn-deficient mouse embryonic fibroblast cells and tissues, we demonstrate that fyn is essential for phosphorylating PIKE-A and protects it from apoptotic cleavage. Active but not kinase-dead fyn interacts with PIKE-A and phosphorylates it on both Y682 and Y774 residues. Tyrosine phosphorylation in PIKE-A is required for its association with active fyn but not for Akt. Mutation of D into A in PIKE-A protects it from caspase cleavage and promotes cell survival. Thus, this finding provides a molecular mechanism accounting for the antiapoptotic action of src-family tyrosine kinase.
PIKE (phosphatidylinositol (PI) 3-kinase enhancer) was originally identified as a nuclear GTPase, which stimulates the lipid kinase activity of nuclear PI 3-kinase. 1 PIKE interacts with numerous signaling proteins, including PI 3-kinase and PLC-g1 through its N-terminus. 2 Accumulating evidence reveals that PIKE plays an important role in preventing neuronal apoptosis. 3, 4 Phosphatidylinositol 3-kinase enhancer-activating Akt (PIKE-A) is an isoform of PIKE gene, and primarily localizes in the cytoplasm. PIKE-A lacks the N-terminal segment, where PI 3-kinase binds. Interestingly, PIKE-A directly binds to activated Akt but not PI 3-kinase in a guanine nucleotide-dependent way and stimulates the kinase activity of Akt. 5, 6 PIKE-A/Akt interaction is mediated through GTPase domain of PIKE-A and the C-terminal regulatory domain and a portion of catalytic domain of Akt. Overexpression of wild-type PIKE-A enhances Akt activity, whereas dominant-negative PIKE-A or PIKE-A knockdown inhibits it. PIKE-A is coamplified with CDK4 in a variety of human cancers. The overexpressed PIKE-A promotes cancer cell invasion and prevents apoptosis. 5, 6 Recently, we have shown that PIKE is potently phosphorylated on tyrosine residues, leading to its resistance against the proteolytic cleavage by the in vitro cell-free apoptosomes and in apoptotic cells. EGF triggers PIKE-A phosphorylation on both Y774 and Y682 residues. Diminishing tyrosine phosphorylation on PIKE-A by mutating either Y774 or Y682 into F makes PIKE-A susceptible to apoptotic degradation. Moreover, growth factor pretreatment also attenuates the apoptotic cleavage of PIKE-A in human cancer cells. 7 Thus, tyrosine phosphorylation may suppress proteolytic cleavage of PIKE-A. However, the upstream tyrosine kinases responsible for this effect remain elusive.
The src family of nonreceptor protein tyrosine kinases, including src, lyn, fyn, lck, hck, fgr, blk and yes, play an important role in cell cycle control, cell adhesion and movement, and cell proliferation and differentiation. 8, 9 All src family members are composed of several well-characterized functional domains. The amino-terminus of src kinases is myristoylated, which is essential for targeting of src kinases to the inner leaflet of cell membranes. Src also contains both SH3 and SH2 (src homology) domains, followed by the catalytic tyrosine kinase domain and by a region in the carboxyl-terminus that contains a conserved regulatory tyrosine phosphorylation site. 8 Src kinases are activated by a variety of cell surface receptors, G-protein-coupled receptors 10 and by growth factor receptor stimulation. 11 Fyn, a critical member of src family tyrosine kinase, mediates a variety of cellular processes, including signaling via the T-cell receptor, 12 regulation of brain function 13, 14 as well as adhesion-mediated signaling. 15, 16 It is worth noting that src tyrosine kinases including fyn also mediate cell survival. For instance, expression of v-src can rescue certain cells from apoptosis caused by cytokine deprivation or disruption of cell binding to the extracellular matrix. 17 Detachment of intestineal epithelial cells triggers a transient c-src and c-fyn activation, antagonizing detachment-induced anoikis in these cells. 18 Loss of lck has no effect on the survival of peripheral T cells; however, deletion of both lck and fyn substantially diminishes its survival. 19 TRANCE-induced survival of osteoclasts isolated from src À/À mice is compromised relative to wild-type mice. Similarly, TRANCE-induced activation of Akt is significantly reduced in src À/À osteoclasts compared to wild-type osteoclasts, suggesting that the protective signals from src family kinases are mediated by PI 3-kinase/Akt signaling. 20 In this report, we show that active but not kinase-dead fyn binds PIKE-A and phosphorylates it on both Y682 and Y774 residues. Mutation of Y682 and Y774 into F abolishes the interaction between PIKE-A and fyn. However, PIKE-A tyrosine phosphorylation is not required for Akt association. The C-terminal kinase domain of fyn potently binds to ArfGAP domain in PIKE-A. Moreover, active fyn but not src protects PIKE-A from apoptotic degradation, which occurs at D474 and D592 residues. Mutation of D into A in PIKE-A protects it from apoptotic cleavage and promotes cell survival.
Results
D474 and D592 residues are the major apoptotic cleavage sites in PIKE-A. PIKE-A can be fragmented into multiple segments during apoptosis. Previous study demonstrates that PH domain and ArfGAP domain possess the cleavage sites by active caspases. The putative caspase-3 cutting motif DLDD634 is not the cleavage site. 7 There are nine and 10 aspartate residues (D) in PH domain and ArfGAP domain, respectively. Based on the proteolytic fragment sizes from these two domains, we chose numerous potential cleavage positions and generated the point mutants with D into A in PZA domains (PH, ArfGAP (zinc-finger) and ankyrin repeats domains) of PIKE-A, and transfected into HEK293 cells. In vitro cleavage assay with transfected cell lysate manifested that GFP-PZA was potently cleaved into a few segments, yielding a prominent band with molecular weight of 60 kDa and two weak fragments at 50 and 45 kDa. D592A mutation in PZA substantially decreased two other cutting sites cleavage, indicating that D592 cleavage is prerequisite for the other two sites to be further processed. Interestingly, the minor 50 and 45 kDa fragments were suppressed when D474 was mutated into A, although the 60 kDa cleaved fragment was still detectable (Figure 1a ). These results demonstrate that both D474 and D592 are the major cutting sites, with D592 being the initial proteolytic cleavage site, fitting with previous data that PH domain and ArfGAP domain each contains cutting sites. Presumably, GFP-PZA also contains a minor cutting site between 474 and 592. Cleavage at D592 might initiate its apoptotic degradation, accounting for the production of 50 kDa fragment. To further evaluate whether both sites are responsible for full-length PIKE-A degradation, we prepared Myc-PIKE-A constructs with either D474 or D592 or both residues mutated into alanine. PIKE-A cleavage was markedly inhibited in the single-point mutants and completely blocked when both D474 and D592 were mutated into A (Figure 1b) , suggesting that both D474 and D592 sites are two major proteolytic cleavage sites on PIKE-A. Blockage of one cutting site profoundly circumvents another position cleavage in full-length PIKE-A.
Active fyn tyrosine kinase binds PIKE-A and phosphorylates it. Previous study reveals that Y682 and Y774 residues in PIKE-A are potently phosphorylated upon EGF stimulation, which can be completely blocked by EGF receptor inhibitor AG1296. However, active EGF receptor tyrosine kinase cannot directly phosphorylate PIKE-A, 7 indicating that the downstream cytoplasmic tyrosine kinases might be implicated in this event. To search for the tyrosine kinases responsible for the effect, we examined a variety of cytoplasmic tyrosine kinases including focal adhesion kinase (FAK), src, fyn, etc. We co-transfected GST-PIKE-A into HEK293 cells with various HA-tagged tyrosine kinases, and pulled down PIKE-A with glutathione beads. Its tyrosine phosphorylation status was monitored with phosphotyrosine-specific anti-PY99 antibody. PIKE-A was robustly phosphorylated by active fynA (Y528F), and it was also phosphorylated by active srcA (Y527F). By contrast, no phosphorylation was detected in FAK-, wild-type src-, kinasedead src-(K295R) or fynD-(K296R) transfected samples ( Figure 2a, top panel) . Interestingly, we noticed a 60 kDa tyrosine-phosphorylated protein co-precipitated with PIKE-A in both active fynA and srcA samples, resembling tyrosine phosphorylated src and fyn. Immunoblotting with anti-HA antibody verified that active fyn strongly bound to PIKE-A, and active src weakly associated with PIKE-A (Figure 2a , second panel). The expression of transfected constructs was confirmed ( Figure 2a , third and bottom panels). To investigate whether src and fyn directly phosphorylate PIKE-A, we performed an in vitro kinase assay with purified wild-type and mutant GST-PIKE-A proteins using active src and fyn. Wild-type PIKE-A was evidently phosphorylated by both kinases, mutation of either Y682 or Y774 into F substantially diminished its phosphorylation. No phosphorylation was detected when both Y682 and Y774 residues were mutated in PIKE-A (Figure 2b ). To further assess PIKE-A tyrosine phosphorylation by src and fyn in intact cells, we cotransfected active src and fyn into HEK293 cells with wildtype and mutant GST-PIKE-A, respectively. As expected, wild-type PIKE-A was robustly phosphorylated by active fyn. Mutation of either Y682 or Y774 into F significantly decreased PIKE-A phosphorylation. No phosphorylation was detectable when both residues were mutated, indicating that Y682 and Y774 residues are selectively phosphorylated by fyn in cells. Surprisingly, both wild-type PIKE-A and its mutants were potently phosphorylated by active src, suggesting that other tyrosine residues in PIKE-A can also be phosphorylated by active src itself or its downstream tyrosine kinases in intact cells (Figure 2c , top panel). Active fyn and src specifically interacted with wild-type but not mutated PIKE-A, demonstrating that phosphorylation of both Y682 and Y774 residues is required for active fyn and src to associate with PIKE-A ( Figure 2c , second panel). To examine whether tyrosine phosphorylation in PIKE-A also regulates its interaction with active Akt, we co-transfected HEK293 cells with Akt, and stimulated cells with EGF. GSTpull down assay revealed that Akt robustly bound to both wild-type and mutated PIKE-A (Figure 2d , top panel), demonstrating that tyrosine phosphorylation is unnecessary for PIKE-A binding to Akt. Taken together, these findings demonstrate that tyrosine phosphorylation on PIKE-A is essential for its association with fyn and src, but it does not implicate in the association between PIKE-A and Akt.
Tyrosine kinase domain in fyn binds to ArfGAP domain in PIKE-A. To map which portion of PIKE-A binds to fyn, we co-transfected active HA-fynA into HEK293 cells with various myc-tagged PIKE-A fragments. Fyn was immunoprecipitated and the co-precipitated proteins were analyzed with anti-myc antibody. Full-length PIKE-A bound to active fyn. Deletion of the N-terminal 1-72 residues or GTPase fragment enhanced the association between PIKE-A and active fyn. The strongest binding occurred to PZA domain fragment, when the N-terminal 1-356 residues were eliminated. Interestingly, the N-terminal 1-365 segments also faintly associated with active fynA (Figure 2a , top panel). These data indicate that C-terminus of PIKE-A is essential for its binding to active fynA. To determine the exact motif in PIKE-A responsible for binding to active fynA, we performed in vitro binding assay with cell lysate from HEK293, which was transfected with active fynA. Truncation assay demonstrated that ArfGAP domain, where Y682 resides, is critical for PIKE-A to interact with fyn ( Figure 3b , top panel).
To examine which domain in fyn interacts with PIKE-A, we purified a variety of GST-fyn fragments, and incubated with lysate of HEK293 cells, which were transfected with myc-PIKE-A and treated with or without EGF for 10 min. Strongest binding by PIKE-A occurred to the C-terminal SH1 domain (kinase domain). The N-terminal 1-250 segments, which contains SH4, SH3 and SH2 domains, also faintly interacted with PIKE-A. However, SH3 domain alone barely associated with PIKE-A, regardless of EGF stimulation ( Figure 3c , top panel). Co-precipitation assay revealed that active fynA but not kinase-dead fynD specifically interacted with wild-type PIKE-A. None of the PIKE-A mutants associated with either active or kinase-dead fyn (Figure 3d) . Therefore, fyn kinase activity is necessary for its association with PIKE-A, and tyrosine phosphorylation on PIKE-A is also indispensable for the interaction. To further explore the notion that tyrosine phosphorylation on PIKE-A is required for its association with active fyn, we transfected HEK293 cells with GST-PIKE-A, and pretreated the transfected cells with various tyrosine kinase inhibitors, followed by EGF stimulation. GST pull-down assay revealed that EGF treatment enhanced fyn binding to PIKE-A, compared with control. Tyrosine kinase inhibitors, except AG490, markedly blocked the interaction (Figure 3e , top panel). Immunoblotting analysis showed that PIKE-A was tyrosine phosphorylated when the interaction occurred, underscoring that PIKE-A tyrosine phosphorylation is essential for the complex formation (Figure 3e, second panel) . Taken together, these findings demonstrate that ArfGAP domain in PIKE-A is implicated in binding to active fyn through its kinase domain.
Tyrosine phosphorylation prevents PIKE-A apoptotic cleavage. Mutation of either Y682 or Y774 into F incurs PIKE-A vulnerable to active apoptosome-mediated degradation, and EGF treatment alleviates PIKE-A cleavage in vitro and in vivo. 7 To define the role of tyrosine phosphorylation by active src and fyn in preventing PIKE-A apoptotic fragmentation, we co-transfected active srcA and fynA into HEK293 cells with wild-type and mutated GST-PIKE-A, respectively. PIKE-A was pulled down, and incubated in the cell-free apoptotic solution. The strongest degradation occurred in samples when both Y682 and Y774 residues were mutated into F, followed by single mutants, whereas wild-type PIKE-A remained intact. Compared to active fynA, To further evaluate the physiological role of fyn in mediating PIKE-A tyrosine phosphorylation and apoptotic degradation, we conducted PIKE-A proteolytic cleavage assay with fyndeficient mouse tissues. PIKE-A was immunoprecipitated from wild-type and fyn-null mouse brain and liver, followed by incubation in the cell-free apoptotic solution. Compared with PIKE-A from wild-type mouse, PIKE-A from fyn À/À tissues was markedly cleaved (Figure 4c, left top panel) . Similar levels of PIKE-A were immunoprecipitated from same tissue in both þ / þ and À/À mice (left second panel). In alignment with this observation, PIKE-A phosphorylation was profoundly decreased in fyn À/À mouse (left third panel). Moreover, PIKE-A tyrosine phosphorylation in brain was much stronger than in the liver, fitting with higher expression level of PIKE-A in the brain than in the liver. Fyn depletion in knockout mouse was verified (right top panel). Interestingly, phosphorylation of GSK-3 was inhibited in knockout mouse (right second panel), suggesting that disruption of fyn affects the activity of Akt presumably through PIKE-A. Therefore, fyn plays an essential role for protecting PIKE-A from apoptotic cleavage, and src might also contribute to this effect as well.
Caspase-resistant PIKE-A mutants promotes cell survival. PIKE-A promotes cell survival through upregulating Akt, a crucial serine/threonine kinase for antagonizing apoptosis 5 and 6. To examine the biological effect of caspase-resistant PIKE-A mutants on cell survival, we transfected HeLa cells with wild-type PIKE-A, D474A, D592A and D474,592A constructs, and treated the transfected cells with staurosporine. Compared with control, overexpression of caspase-resistant PIKE-A mutants decreased DNA fragmentation and caspase-3 activity. The strongest inhibition was observed in PIKE-A-(D474, 592A) transfected cells, followed by D592A and D474A (Figure 5a and b) . Quantitative analysis revealed that more than 50% cells were in apoptosis in control cells. Transfection of wild-type PIKE-A slightly decreased programmed cell death. The apoptotic ratio was, respectively, decreased to 39.2, 29 and 26.8% in caspase-resistant PIKE-A construct-transfected cells (Figure 5c ). Therefore, prevention of PIKE-A from apoptotic degradation enhances its stimulatory effect on cell survival.
To determine the role of fyn-mediated PIKE-A tyrosine phosphorylation in antagonizing apoptosis, we co-transfected active fynA or srcA into HeLa cells with wild-type PIKE-A and mutants with Y into F, respectively, and treated cells with staurosporine. When co-transfected with fynA, wild-type PIKE-A evidently diminished DNA fragmentation (Figure 5d,  top panel) . In contrast, evident DNA fragmentation occurred in Y682F-, Y774F-and Y682,774F-transfected cells. By contrast, co-transfection of srcA and wild-type or mutated PIKE-A barely exhibited any protective effect. Immunoblotting analysis revealed that PARP cleavage coupled to DNA fragmentation effect. As a control, equal amount of protein sample was loaded (Figure 5d , middle and lower panels). Collectively, our findings demonstrate that caspase-resistant PIKE-A mutants suppress apoptosis. Fyn phosphorylates PIKE-A and prevents its apoptotic degradation, leading to promotion of cell survival.
Discussion
In the present study, we have identified that fyn acts as a major physiological tyrosine kinase for PIKE-A. Tyrosine phosphorylation on PIKE-A in wild-type but fyn-null MEF cells or mice tightly correlates with its resistance against apoptotic degradation. Further, we have also shown that PIKE-A is cleaved at D474 and D592 sites during apoptosis. Mutation of D474 and D592 into A renders PIKE-A to resist against caspase-mediated cleavage, resulting in escalating cell survival. Although src might somewhat contribute to PIKE-A phosphorylation in vivo, PIKE-A enhances cell survival in the presence of active fyn but not src. Thus, fyn is implicated in PIKE-A phosphorylation and resistance to caspase-mediated cleavage, which might provide a molecular mechanism accounting for antiapoptotic action of fyn.
Y682 and Y774 are two main residues phosphorylated by fyn both in vitro and in transfected cells (Figure 2) . In fyn-deficient cells, PIKE-A tyrosine phosphorylation was completely blocked (Figure 4) , underscoring that fyn is the major tyrosine kinase phosphorylating PIKE-A in cells. Nevertheless, PIKE-A can also be phosphorylated by active src in vitro and in transfected cells. Mutation of either Y682 or Y774 residue abolishes PIKE-A tyrosine phosphorylation in vitro; however, transfection of active src still strongly phosphorylated the mutated PIKE-A in transfected cells (Figure 2b) , suggesting that active src or its downstream kinases could phosphorylate other tyrosine residues in PIKE-A in transfected cells. In src-null cells, PIKE-A tyrosine phosphorylation is decreased but still detectable, indicating that src is not the major physiological kinase for PIKE-A. The complete loss of PIKE-A tyrosine phosphorylation in fyn-null cells demonstrated that fyn is the key upstream tyrosine kinase for PIKE-A in vivo.
Previous study demonstrates that PIKE-A interacts with the C-terminal regulatory and partial kinase domains of Akt through its GTPase domain. PIKE-A selectively binds active phosphorylated Akt. 5, 6 Consistent with these findings, PIKE-A specifically binds Akt upon EGF stimulation, and tyrosine phosphorylation is not required for this interaction (Figure 2d ). Figure 4 Tyrosine phosphorylation prevents PIKE-A apoptotic cleavage. (a) Active fynA but not srcA protects GST-PIKE-A from apoptotic cleavage. After incubation with cell-free apoptotic solution, wild-type PIKE-A remained intact, whereas tyrosine-mutated PIKE-A was evidently cleaved. The strongest degradation occurred to the (Y682,774F) PIKE-A. (b) PIKE-A is much more vulnerable in fyn knockout cells than in src knockout cells. Most of PIKE-A remained intact in wild-type control cells. However, it was evidently cleaved in fyn-null cells with no full-length PIKE-A detected, regardless of EGF treatment; by contrast, PIKE-A apoptotic degradation was significantly diminished in src-deficient cells. As a control, PARP cleavage pattern correlated with PIKE-A cleavage (top and second panels). Tyrosine phosphorylation of PIKE-A was verified (third panel). The expression of src and fyn was confirmed in MEF cells (fourth and bottom panels). (c) PIKE-A proteolytic cleavage couples to its tyrosine phosphorylation in fyn-null mouse. PIKE-A was robustly cleaved in fyn À/À sample compared to wild-type control (left top panel). Similar levels of PIKE-A were immunoprecipitated from þ / þ and À/À tissues, but more PIKE-A was pulled down from the brain than the liver (left second panel). PIKE-A was strongly phosphorylated in wild-type brain, which was markedly diminished in fyn À/À brain. Its tyrosine phosphorylation in þ / þ liver is substantially weaker than in þ / þ brain, and almost completely abolished in À/À liver (left third panel). PIKE-A was much more abundant in the brain than in the liver (left bottom panels). Fyn was selectively depleted in knockout mice (right top panel). Phosphorylation of GSK-3 was inhibited in knockout mouse (right second panel)
Our binding assay reveals that full-length PIKE-A associates with fynA through its C-terminal ArfGAP domain. Truncation of its N-terminal segment substantially increases the interaction between PIKE-A and fynA, although N-terminal 1-365 segments also weakly associates with fynA, suggesting that the N-terminal GTPase domain of PIKE-A and ArfGAP domain mutually mask their binding motifs for fynA (Figure 3) . Conceivably, when PIKE-A is tyrosine phosphorylated, PIKE-A exhibits an unfolded conformation, exposing both binding domains for fyn and Akt. PIKE-A possesses similar structural domains as ASAP1 (ArfGAP containing SH3, ankyrin repeats and PH domain), which prominently binds to both FAK and pyk2 (proline-rich tyrosine (y) kinase 2), a nonreceptor tyrosine kinase. 21, 22 Unfortunately, PIKE-A does not bind to either tyrosine kinase (data not shown). ASAP1 interacts with FAK or pyk2 through its SH3 domain, however, PIKE-A does not contain any SH3 domain. Pyk2-phosphorylating ASAP1 affects its phosphoinositides binding profiles and reduces its ArfGAP activity. 21 Our previous study demonstrates that PIKE-A binds a variety of phosphatidylinositol lipids and possesses robust GTPase activity. 23 It remains unknown whether fyn-mediated tyrosine phosphorylation on PIKE-A also influences the above biochemical effects. Earlier work shows that nonreceptor tyrosine kinases are implicated in various cellular processes including apoptosis. Some are antiapoptotic, whereas other are proapoptotic. For example, FAK plays a suppressive role in hydrogen peroxideinduced apoptosis in human glioblastoma cell line T98G. 24 Overexpression of v-src can rescue cells from apoptosis caused by cytokine deprivation or disruption of cell binding to the extracellular matrix. 17 On the other hand, src family tyrosine kinase could also be proapoptotic. Both fyn and lyn but not other src family members are substrates of active caspase-3. Activation of TCR by immobilized anti-CD3 mAb triggers fyn apoptotic cleavage in T-lymphocytes. 25 Activated T-lymphocytes from the fyn-deficient mice are less sensitive to killing by both anti-Fas antibody and Fas-ligand cytotoxic T cells, 26 indicating that fyn somehow upregulates the programmed cell death in T cells. Interestingly, overexpression in a T-cell hybridoma of a soluble form of fyn lacking the six Nterminal amino acids thus resembling the cleaved form of fyn produced in apoptotic cells inhibits anti-CD3-induced caspase activation and apoptosis. 27 Thus, cleavage of fyn and lyn upon TCR, BCR or Fas triggering could play an important role to block the apoptotic signal in a potential feedback mechanism by relocalization of the soluble forms of these kinases. 25, 27 This is consistent with our data that active fyn can protect PIKE-A from apoptotic cleavage and promote cell survival (Figures 4 and 5) . When co-transfected with active fynA or srcA, PIKE-A is potently phosphorylated (Figure 2a) . However, PIKE-A specifically suppresses apoptosis in the presence of fynA but not srcA, indicating that either PIKE-A/ fynA complex or other unknown effectors modulated by tyrosine phosphorylated PIKE-A, in addition to PIKE-A/Akt signaling cascade, contribute to inhibit apoptosis.
PIKE was initially identified as a brain-specific nuclear GTPase. Although PIKE-A isoform is ubiquitously expressed, brain tissue contains much abundant PIKE-A than liver does. Accordingly, PIKE-A tyrosine phosphorylation is much more potent in the brain than in the liver (Figure 4c ). Fyn plays critical roles in many aspects of brain functions. For example, fyn is essential for myelin development in the central nervous system (CNS) and mediates learning and memory. 13, 14, 28, 29 Conceivably, fyn-mediated PIKE-A phosphorylation might regulate its biological functions in the brain. In summary, our data provide compelling evidence that active fyn is a physiological tyrosine kinase for PIKE-A. Tyrosine phosphorylation on PIKE-A by fyn protects PIKE-A from apoptotic degradation, which further enhances the antiapoptotic effect of PIKE-A. These findings establish a new mechanism how src family kinases like fyn contribute to promote cell survival.
Materials and Methods
Cells and reagents. HeLa cells and HEK293 cells were maintained in medium A (DMEM with 10% fetal bovine serum and 100 U penicillin-streptomycin) at 371C with 5% CO 2 atmosphere in a humidified incubator. Wild-type and fyn À/À and src À/À cells MEF cells were grown in DMEM and 10% FBS, supplemented with pyridoxine-HCl, and 1 mM sodium pyruvate. EGF was from Roche. Anti-PY99, caspase-3, PARP and a-tubulin antibodies were from Santa Cruz Biotechnology Inc. Anti-Myc, HA, GST-HRP antibodies were from Sigma. Active src and fyn proteins were from Upstate Biotechnology Inc. CaspACE Assay System Colorimetric Kit was from Promega Corporation (Madison, WI, USA). All the chemicals not included above were from Sigma.
Cell-free apoptotic solution preparation and DNA fragmentation assay. The procedures are exactly as described. 30 Briefly, the pellets of 293 cells were washed once with ice-cold PBS and resuspended in 5 vol of buffer A, supplemented with protease inhibitors. After sitting on ice for 15 min, the cells were broken by passing 15 times through a G22 needle. After centrifugation in a microcentrifuge for 5 min at 41C, the supernatants were further centrifuged at 10 5 Â g for 30 min in an ultracentrifuge (Beckman). The resulting supernatants were used for in vitro apoptosis assay. Cytochrome c and dATP were added into S-100 extract to initiate caspase cascade. After 30 min incubation at 371C, lysates from GST-PIKE-A-transfected HEK293 cells (immunoprecipiated PIKE-A from brain and liver lysate) were introduced and incubated for 2 h. The reaction mixture was analyzed by immunoblotting analysis with anti-GST-HRP or PIKE-A antibody, respectively. HeLa cells were transfected with various PIKE-A constructs, and treated with 1 mM staurosporine for 8 h. The DNA fragmentation assay was performed exactly as described. 30 In vitro binding assays. GST fusion proteins were prepared according to the manufacturer's recommendations (Pharmacia Biotech) and the binding assay was performed as described previously. 31 Twenty-four hours after transfection with 10 mg of human myc-PIKE-A cDNA, a 10-cm plate of HEK293 cells was washed once in PBS, was lysed in 1 ml lysis buffer A (50 mM Tris, pH 7.4, 40 mM NaCl, 1 mM EDTA, 0.5% Triton X-100, 1.5 mM Na 3 VO 4 , 50 mM NaF, 10 mM sodium pyrophosphate, 10 mM sodium b-glycerophosphate, 1 mM phenylmethylsulfonyl flouride (PMSF), 5 mg/ml aprotinin, 1 mg/ml leupeptin, 1 mg/ml pepstatin (A)) and was centrifuged for 10 min at 14 000 Â g at 41C. From this, 500 ml of supernatant were added to 50 ml GST-SH3, GST-fyn (1-250) or GST-fyn (280-538) agarose, were incubated with slow rotation for 1 h and were washed three times with 500 ml lysis buffer each time. The agarose then was resuspended in 30 ml sample buffer separated by SDS-PAGE followed by immunoblot using anti-myc antibody.
Co-immunoprecipitation of HA-src family tyrosine kinases and GST-PIKE-A from transfected 293 cells. The experiments were performed as described previously. 31 In brief, 10-cm dishes of HEK293 cells were co-transfected with 5 mg each of GST-PIKE-A construct and various HAtagged src family tyrosine kinases by the calcium phosphate precipitation method; the supernatant was prepared as above. After normalizing the protein concentration, 40 ml 50% slurry glutathione beads were added to the supernatant and incubated with rotation at 41C for 3 h. The pellet was washed three times with 500 ml lysis buffer each time. The agarose beads were then resuspended in 30 ml sample buffer separated by SDS-PAGE followed by immunoblotting analysis using anti-HA and PY99 antibodies. Caspase-3 activity assay. Caspase-3 activity was measured with use of the CaspACE Assay System Colorimetric Kit (Promega Corporation, Madison, WI, USA). Cells were initially seeded at a density of 1 Â 10 6 in 10-cm dishes. After staurosporine treatment for the indicated time, caspase-3 activity was measured by the cleavage of the Colorimetric substrate DEVD-pNA according to the manufacturer's instructions.
